To evaluate the outcome of a large series of patients who received high-dose treatment (HDT) for follicular lymphoma (FL), 693 patients undergoing HDT (total-body irradiation (TBI)-containing regimen: 58%; autologous bone marrow (BM)/ peripheral blood progenitor cells (PBPCs): 378/285 patients) were included in the study. A total of 375 patients (54%) developed recurrent lymphoma, 10-year progression-free survival (PFS) being 31%. On multivariate analysis, younger age (P ¼ 0.003) and HDT in first complete remission (CR1) (Po0.001) correlated with longer PFS. With a median follow-up of 10.3 years, 330 patients died. Ten-year overall survival (OS) from HDT was 52%. Shorter OS was associated on multivariate analysis with older age (Po0.001), chemoresistant disease (Po0.001), BM þ PBPC as source of stem cells (P ¼ 0.007) and TBI-containing regimens (P ¼ 0.004). Thirty-nine patients developed secondary myelodysplastic syndrome/acute myeloid leukaemia (MDS/AML), in 34 cases having received TBI as the conditioning regimen. The 5-year non-relapse mortality (NRM) was 9%. On multivariate analysis, older age (Po0.001), refractory disease (Po0.001) and TBI (P ¼ 0.04) were associated with a higher NRM. This long follow-up study shows a plateau in the PFS curve, suggesting that a selected group of patients might be cured with HDT. On the downside, TBI-containing regimens are associated with a negative impact on survival.
Introduction
Follicular lymphoma (FL) is the second commonest type of nonHodgkin's lymphoma in Western countries. 1 Although the median survival for patients with FL is relatively long in comparison with other subtypes, this disease remains incurable, with a continuous relapse pattern, the rate and duration of response decreasing in subsequent recurrences. 2 Numerous attempts to improve the outcome of patients with FL have been made, including consolidation of the response with high-dose treatment (HDT) and autologous stem cell (ASC) support. [3] [4] [5] [6] [7] [8] [9] The use of HDT with ASC support has increased considerably over the last 25 years. 10 In recent years, three randomized trials in newly diagnosed 11, 12 or relapsed patients 13 have shown significantly prolonged progression-free survival (PFS) in patients receiving HDT in comparison with conventional chemotherapy. A survival advantage has also been demonstrated in one of the studies. 13 However, the potential long-term toxicity of the procedure, especially the development of secondary myelodysplasia, [14] [15] [16] remains a matter of concern. In addition, there is the problem of recurrence. Allogeneic transplant, the only potentially curative option for patients with FL, is associated with a prohibitive high toxicity in a relatively old and heavily pretreated population. The advent of reducedintensity conditioning regimens (RIC) has increased the number of patients eligible for this procedure, who might also be candidates for HDT with ASC rescue. As a result and despite the widespread use of HDT, the indications for this treatment in FL and its optimal timing are still highly controversial.
The aim of this retrospective study was therefore to report the data from a large series of patients with FL who received HDT with ASC rescue before 1995, to characterize the outcome of this population with long follow-up.
Patients and methods

Patient population
From 1979 to 1995, 878 patients with FL who underwent HDT with ASC rescue were reported to the EBMT registry. Patients with histological transformation at the time of HDT, those undergoing a second transplant and those with a follow-up of less than 5 years were excluded. Thus, 693 patients were included in the analysis. The clinical characteristics of the patients at the time of diagnosis and HDT are summarized in Table 1 . Central review of the pathology was not carried out.
The median time from diagnosis to HDT was 2.2 years (range, 1 month to 22 years), with 24% of the patients receiving HDT during the first year after diagnosis. One hundred and ninetyeight patients (29%) had never achieved a complete remission (CR) before HDT. One-fifth of the patients received HDT after achievement of first CR (CR1), 38% of them having needed more than one chemotherapy line to achieve CR1. The clinical characteristics of these patients at diagnosis and at HDT are listed in Table 1 . Five hundred and sixty-three of the patients (81%) were treated after 1990. The follow-up for patients reported to the EBMT registry is updated annually. The followup was updated in the last 3 years for 238 of 363 (66%) living patients.
Treatment
The source of progenitor cells and the conditioning regimens are detailed in Table 1 . Ex vivo manipulation of the bone marrow (BM) or peripheral blood progenitor cells (PBPCs) was carried out in 283 of 633 patients with known data (45%). The commonest method of purging (75%) was negative selection with a combination of monoclonal antibodies and complement. The proportion of patients who received a total-body irradiation (TBI)-containing regimen was 51% in patients treated before 1990 and 60% in patients treated thereafter. Supportive care was given according to local protocols at each centre.
Definitions
According to the EBMT guidelines, 17 complete response (CR) was defined as the disappearance of tumour masses and diseaserelated symptoms, as well as normalization of initially abnormal tests and/or biopsies. Partial response (PR) was considered when measurable lesions decreased by at least 50%. A very good partial response (VGPR) was defined as a reduction in tumour burden of at least 90%. For the purpose of this analysis, patients achieving a PR or a VGPR were grouped together, since these definitions predate the 1999 consensus statement. 18 Recurrence Long follow-up of HDT in FL S Montoto et al was defined as the occurrence of new sites of disease after a CR lasting for 3 months or longer, whereas it was considered progression when the CR had lasted less than 3 months or CR had not been achieved. Recurrence or progression was considered to be 'chemosensitive' if at least PR was achieved after salvage treatment, otherwise 'chemoresistant'. The recurrence/progression was deemed 'untested' if the patient had no further treatment after recurrence.
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Overall survival (OS) was defined as the time from HDT to death from any cause, and surviving patients were censored at last follow-up. PFS was defined as time from HDT to recurrence, progressive disease or death from any cause. Non-relapse mortality (NRM) was defined as death from any cause without progression.
Statistical analysis
The probabilities of OS and PFS were estimated from the time of HDT using Kaplan-Meier curves, and compared by the log-rank test. Estimates of NRM and recurrence or progression were calculated using cumulative incidence (CI) rates taking into account the competing risk structure, and compared by univariate Cox regression models. The risk of secondary malignancies after HDT was investigated by CI considering death from any cause as a competing event. The univariate analysis was carried out for the main characteristics at diagnosis and at the time of HDT. For the multivariate analysis, potential prognostic factors for NRM, recurrence, PFS and OS were first entered into the model; covariates found not to be significant at the 0.10 level were removed from the Cox proportional hazards model in a stepwise backward way. In each model, the assumption of proportional hazards was tested for each variable using time-dependent covariates. 19, 20 As the effect of TBI on outcome changed over time (nonproportional hazard), models were constructed to break the post-HDT time course into two periods, using the most appropriate break point.
CIs were calculated using the NCSS 97 software. All other computations were carried out in the SPSS 13.0 statistical package.
Results
Risk of recurrence and progression-free survival
The median follow-up for living patients was 10.3 years (range: 5-19.5) . Three hundred and seventy-five patients (54%) developed recurrent disease at a median of 1.5 years after HDT (range: 1 month-13.5 years). On univariate analysis, patients who received a TBI-containing regimen had a lower risk of recurrence than the remainder (43% at 5 years versus 53%). The risk of recurrence also related to disease status and interval from diagnosis to HDT. On multivariate analysis (Table 2) , disease status (Po0.001) and conditioning regimen (P ¼ 0.05) retained predictive value for the risk of recurrence.
PFS for the overall series at 5, 10 and 15 years was 44, 31, and 27%, respectively (Figure 1a) . The variables that predicted for a shorter PFS on univariate analysis were age at HDTX45 years, disease status at HDT other than CR1, time from diagnosis to HDTX1 year and more than two lines of treatment before HDT. Age (P ¼ 0.003) and disease status (Po0.001) remained significant on multivariate analysis (Table 2) . PFS at 5, 10 and 15 years for patients treated in CR1 was 59, 48 and 39%, respectively, whereas the corresponding figures for patients treated in responses other than CR1 were 41, 28 and 26%, respectively (Figure 1b) . The number of previous therapy lines had no impact on PFS for patients treated in CR1.
Overall survival and causes of death
A total of 330 patients died, the median OS being 12 years. Two hundred and thirty-seven died following disease progression: 233 due to disease and 4 due to a second malignancy. The causes of death for the 93 remaining patients were as follows: treatment-related toxicity: 61 (66%), second malignancies: 25 (27%) and other causes: 7 (7%). OS at 5, 10 and 15 years was 64, 52, and 47%, respectively (Figure 2a ). Older age (X45 years), disease status at HDT other than CR1, interval from diagnosis to HDTX1 year, more than two lines of treatment before HDT and a TBI-containing regimen were all associated with shorter survival on univariate analysis. The variables that retained significance on multivariate analysis (Table 2) were age (Po0.001), disease status (Po0.001), source of the stem cells (P ¼ 0.007) and conditioning regimen (P ¼ 0.004). After 5 years of follow-up, the OS was shorter for patients receiving a TBIcontaining regimen, no difference being apparent during the first 5 years of follow-up ( Figure 3 ). OS at 5, 10 and 15 years for patients treated in CR1 was 75, 72 and 60%, respectively; when those patients were excluded from the analysis, the corresponding figures were 62, 48 and 44%, respectively (Figure 2b ). Amongst patients treated in CR1, the number of previous therapy lines did not influence OS.
Non-relapse mortality
Ninety-three patients died without evidence of disease progression, 53 (57%) less than 1 year after HDT. The causes of death for the latter were: infection: 36 (68%) (bacterial: 12, nonspecified: 9, interstitial pneumonitis: 8, viral: 5, Pneumocystis carinii: 1, fungal: 1); organ failure: 4 (7%); other causes: 5 (9%) (cardiac toxicity: 2 and veno-occlusive disease, adenocarcinoma of the jejunum, and graft failure, 1 each) (9%) and nonspecified treatment-related: 8 (15%). Forty patients died without disease progression more than 1 year after HDT. Their causes of death were second malignancy: 24 (60%), HDT-related causes: 9 (22%) (non-specified treatment related: 4, organ failure: 2 and cardiac toxicity, viral infection and interstitial pneumonitis, 1 each). Seven patients died from other causes (18%) (not specified: 4, myocardial infarction: 2 and bronchiolitis: 1). NRM at 1 and 5 years was 6 and 9%, respectively, for both the overall series and for patients who were not in CR1 at the time of HDT. There was no significant difference in NRM in relation to time period. The variables that influenced NRM on univariate analysis were age, disease status and conditioning regimen. With regard to TBI, the NRM at 5 and 10 years was 4 and 6% for patients not receiving TBI and 11 and 16% for the remainder (P ¼ 0.002). On multivariate analysis (Table 2 ), age at HDTX45 years (Po0.001), chemoresistant disease at HDT (Po0.001) and a TBI-containing regimen were predictive for a higher NRM. TBI-containing regimens did not have an impact on early NRM, but were associated with a higher NRM after 5 years of follow-up (P ¼ 0.04).
Second malignancies
Sixty-four patients (9%) developed a second malignancy at a median of 7 years after HDT (range: 1-17). The CI of second malignancies at 5, 10 and 15 years was 2, 5 and 21%, respectively, for patients treated in CR1, whereas it was 4, 9 and 15% for the remainder (P ¼ NS). The most frequent was Long follow-up of HDT in FL S Montoto et al secondary myelodysplastic syndrome/acute myeloid leukaemia (MDS/AML). The specific diagnoses are listed in Table 3 . The median time from HDT to diagnosis of a second malignancy was 5 years for MDS/AML and 9 for the remaining second neoplasms. The diagnoses of second malignancy were made before progression of lymphoma in 53% of the patients for both MDS/AML and other malignancies. Forty-six patients with a second malignancy (72%) died (29 due to the second neoplasm and 17 due to lymphoma progression). Thirty-three of 40 patients with secondary MDS/AML died (82%), 20 due to MDS/ AML (17 without having developed disease progression). Second malignancies were diagnosed in 54 patients (13.5%) who had received a TBI-containing regimen, contrasting with 10 patients (3.5%) who received a chemotherapy-only regimen Abbreviations: BM, bone marrow; CR, complete response; HDT, high-dose treatment; MDS/AML, myelodysplastic syndrome/acute myeloid leukaemia; NRM; non-relapse mortality OS, overall survival; PBPC, peripheral blood progenitor cells; PFS, progression-free survival; TBI, total-body irradiation. (Table 2) , including gender, age at HDT, number of previous lines of chemotherapy, interval from diagnosis to HDT, source of stem cells, year of HDT and conditioning regimen. The variables that predicted for a higher risk of second malignancies were (1) the use of a TBI-containing regimen (Po0.001), (2) age at HDTX45 years (P ¼ 0.003) and (3) more than two previous therapy lines (P ¼ 0.04). When the same analysis was repeated for patients who developed MDS/AML, the use of TBI (P ¼ 0.005) and age at HDTX45 years (P ¼ 0.01) were associated with a higher risk. Finally, a multivariate analysis for the risk of dying of secondary MDS/AML was carried out ( Table 2) including age at HDT, gender, interval from diagnosis to HDT, year of HDT, previous lines of chemotherapy, source of stem cells and conditioning regimen. The use of a TBI-containing regimen was associated with a higher risk of dying due to MDS/AML (P ¼ 0.004), as well as age at HDTX45 years (P ¼ 0.009) and year of HDT o1990 (P ¼ 0.04).
Discussion
This analysis describes the outcome of the largest series of patients with FL treated with HDT with a very long follow-up, indispensable to draw any meaningful conclusion in a disease with a long median survival such as FL. On the downside, it has the caveats inherent to a retrospective registry study, namely lack of histological review, heterogeneous management of patients in terms of treatment and follow-up and missing data. Nonetheless, the patients included can be regarded as representative of a standard group of patients with FL as their characteristics at diagnosis do not differ substantially from the main characteristics of patients with de novo FL, 1 apart from being younger, in keeping with other series of HDT in FL. Unfortunately, the retrospective nature of this registry study, precluded obtaining accurate information on risk factors at diagnosis, including cytological grade. However, the characteristics of the patients at the time of HDT may be somewhat different from other series given that 1/5 of the patients in the current study received HDT in CR1. This is predominantly a consequence of the large proportion of patients reported from French centres, where at that time there was an open study and subsequently two randomized studies analyzing the effect of HDT in patients with FL in CR1. 11, 21, 22 Nonetheless, although not formally compared, there do not seem to be significant differences between the clinical characteristics of patients treated in CR1 and the remainder (Table 1 ).
In the current study, after a median follow-up of 10 years, the OS and PFS at 15 years were 47 and 27%, respectively. The results here reported, even after excluding patients treated in CR1 (OS and PFS at 15 years, 44 and 26%, respectively), are better than those achieved with conventional chemotherapy, as reported in other series comparing the outcome of patients treated with HDT with those of historical controls. 8, 9 A randomized study confirmed these results: the 'CUP' trial assigned patients with recurrent FL to receive chemotherapy, HDT with a 'purged' stem cell collection or 'unpurged' HDT. 13 In this study, as in the present one, ex vivo manipulation did not influence the outcome. In the current study, the OS and the PFS stabilized after 10 years of follow-up (OS at 10 and 15 years: 52 and 47%; PFS at 10 and 15 years: 31 and 27%, respectively) with a suggestion of a plateau that has also been reported in another series with a long follow-up. 23 It seems, thus, that there is a subgroup of patients with FL who remain alive and free of disease after HDT. The group that apparently obtains the greatest benefit from HDT in the current series was younger patients and those treated in CR1. Unfortunately, the nature of the EBMT registry prevented us from obtaining reliable data on variables such as haemoglobin level or number of nodal areas involved at diagnosis to be able to retrospectively calculate the follicular lymphoma international prognostic index (FLIPI) score and to assess its prognostic value.
The good prognosis of patients treated in CR1 is not surprising. A reduced number of previous lines of chemotherapy 4, 6 and a short interval from diagnosis 5 have been associated with a better outcome in other series. Whether it follows that patients with FL should receive HDT at first response is not a question to be addressed in a retrospective analysis. However, three randomized trials have explored this possibility. The Groupe Ouest Est d'Etude des Leucemies Aigues et Maladies du Sang (GOELAMS) study and the German Low Grade Lymphoma Study Group randomized patients to receive 'standard' chemotherapy or HDT. In both studies, patients in the HDT arm had a significant longer event-free survival (EFS) than patients in the chemotherapy arm, although no difference in OS was detected. 11, 12 In contrast, a third randomized trial led by the Groupe d'Etude des Lymphomes de l'Adulte did not show significant differences in OS or (EFS) between the two arms after a long follow-up. 22 Notwithstanding the good results of HDT, Long follow-up of HDT in FL S Montoto et al the German and the 'GOELAMS' studies were associated with a higher risk of second malignancies in the HDT group 11, 24 Fwhich might have accounted for the lack of difference in OSFunacceptable in a population with a median survival at diagnosis of 10 years. Of note, the patients included in the latter two studies had received relatively little treatment before HDT and the conditioning regimen included TBI in both. A critical result of the current analysis is the relationship between the diagnosis of second malignancies, especially secondary MDS/AML, and the use of a TBI-containing regimen. The diagnosis of second malignancies after HDT has been a matter of concern for many years. [14] [15] [16] The factors associated with this event have been related to characteristics of the patients, 14, 15, 25 previous treatment [25] [26] [27] [28] and characteristics of the HDT procedure. 16, 28 TBI-based regimens have been associated with a higher risk of MDS/AML in some studies, 14, 27 but not in others. 26, 28 The higher risk of second malignancies associated with TBI in the current series cannot be attributed to a shorter follow-up of patients who received a chemotherapy-only treatment, as the proportion of patients who received TBI before 1990 was similar to that of patients treated subsequently. Moreover, in a multivariate analysis for the risk of developing MDS/AML, including the year of HDT and number of previous lines of therapy amongst other variables, treatment with a TBIcontaining regimen was associated with a fourfold increased risk of developing MDS/AML. Of note, there were not significant differences in the risk of developing MDS/AML between patients treated in CR1 and the remainder. Thus, although the use of TBI was associated with a lower incidence of recurrence in this and other studies, 29 its benefit might be outweighed by the higher risk of MDS/AML. The effect of TBI on survival was a consequence of late mortality, as there were no differences in OS during the first 5 years of follow-up. In this regard, TBIcontaining regimens were not only associated with a higher risk of developing MDS/AML, but also with a higher risk of dying of MDS/AML resulting in the increase in late mortality.
In conclusion, HDT results in prolonged PFS in selected groups of patients. However, the good results obtained with HDT are counterbalanced by late toxicity. In this sense, TBI-containing regimens should be avoided given their strong association with the diagnosis of secondary MDS/AML. Nevertheless, these results should be viewed against the perspective of major advances in the treatment of FL since these patients were treated, namely the use of monoclonal antibodies and the advent of RIC allograft.
